Various Japanese foods were treated with 22him nitrite at pH 3 for 1 hr at 37°C. Ethyl acetate extracts of the nitrosation mixtures were examined for their total NCcontent and mutagenicity to Salmonella typhimurium TA100 to search for foods which formed a considerable amount of A-nitroso compounds (NCs) but showed no mutagenicity.
7V-NO/kg), vegetables, cereals and fruits had a moderate level of NCs (mean = 225 fimol TV-NO/kg), and meat and fish had a low level of NCs (mean=99/imol AMVO/kg). Only five kinds of food, i.e., soy sauce, salted Chinese cabbage, cabbage, Japanese radish and sausage, showed mutagenicity to Salmonella typhimurium TA 100. These results imply that considerably large amounts of various precursors of non-mutagenic NCsare present in foods, especially in some fermented products and citrus fruits.
Endogenous synthesis of N-nitroso compounds (NCs) from nitrite and amines or amides may be a major source of human exposure to these carcinogens. Since amine and amide precursors are incorporated into the body mainly via foods, they have been extensively studied, and various NCshave been identified. 1 -6) However, a number of so-farunidentified NCs are likely to be formed in food-nitrite mixtures. Several workers have pointed out that, in certain foods, the cumulative amounts of known individual NCs accounted for only 1-10% of the total NC content.7'8) This may be due, at least in part, to the fact that much attention has been directed to mutagenic NC. Since the induction of mutagenicity by treating foods with nitrite has been used as an index for finding new NCs,1)2) non-mutagenic NCs may have been overlooked. Non-mutagenic NCs, however, are also important, because their precursors are likely to serve as nitrite scavengers, and to inhibit the endogenous synthesis of mutagenic and/or carcinogenic NCs.9"11* The non- Asearch for foods which form a considerable amount of NCsby nitrite tretment but show no mutagenicity would lead to the discovery of unknown non-mutagenic NCs. A mutation test and also a determination of the total NCs in nitrite-treated foods are necessary for this purpose. However,few workers have reported the total NCcontent of nitrite-treated foods, probably because of the lack of a convenient method for determining the total NCcontent.
We have recently developed convenient spectrophotometric methods for the determination of total NCs and nitrosamides formed in foods by a nitrite treatment.13) In this paper, we applied these methods to 35 Japanese foods, and the mutagenicity of these nitrite-treated foods was also examined.
Materials and Methods
Chemicals. Denitrosating reagents, 1.9% hydrogen bromide in acetic acid (1.9% HBr/HOAc) and 1.9% hydrogen chloride in acetic acid (1.9% HCl/HOAc), were prepared as described previously.14) Griess reagent (0.5% sulfanilamide-0.05% AM-naphthylethylenediamine dihydrochloride in 30% acetic acid) was freshly prepared before use. All these chemicals and the others used were of the best grade commercially available. Deionized water from a Millipore RO-Qsystem was used throughout this study.
Food samples. The foods were purchased from retail stores in Tokyo and Kanagawaprefectures, and only the edible parts were used. The foods that needed cooking were boiled or broiled for an adequate time to ingestion before the nitrite treatment, and any burned parts were removed. A microwaveoven was used when heating the meat to avoid burning.
In this study, no attention is paid to the locality and harvest time of the foods, which may have an influence on the NC content and mutagenicity.
Nitrite treatment offoods and extraction of NCs. Each food sample (40g) was homogenized in a blender with about 120ml of water, and made up to 160ml with water.
The homogenate was divided into four 35ml portions, which were placed in brown glass-stoppered 100-ml flasks. A 2-ml portion of 3% sodium nitrite was added to two of these flasks (the nitrite-treated samples). These two nitrite-treated samples together with the other two (the control samples) were adjusted to pH 3 with hydrochloric acid, made up to 40ml with water, and incubated at 37°C for 1 hr (the nitrite concentration during treatment was 22mM). The resulting mixtures were then treated with 150mg of ammoniumsulfamate, allowed to stand for a while, and if necessary, centrifuged and/or filtered to remove any solid material. Aliquots of each mixture (10 ml) were placed in a separating funnel together with 10ml of water, 3.2 ml of phosphoric acid and 5 g of sodium sulfate, and the whole was extracted with ethyl acetate (3 x 40 ml).
The organic layer was dried over anhydrous sodium sulfate, and then concentrated to 3 ml under reduced pressure at 40°C (not to dryness). The four concentrated extracts from the two nitrite-treated and two control samples were kept in a freezer (-20°C) for a few days until the determination of NCcontent and mutagenicity.
Determination of total NCsand nitrosamides. Total NCs and nitrosamides were determined by three methods.13) (1) To 0.5ml of a concentrated extract was added 2ml of 1.9%HBr/HOAc,and the mixture was allowed to stand for lO min at room temperature. Griess reagent (4 ml) was added, and the absorbance at 550nmwas recorded after 15 min. (2) To 0.5 ml of a concentrated extract was added 2ml of3 m HC1and 4ml ofGriess reagent, and the mixture was heated at 60°C for 30min. After cooling to room temperature, the absorbance at 550nmwas recorded. (3) HCl/HOAc (1.9%) was used instead of HBr/HOAc, and Griess reagent was added immediately after adding the HCl/HOAc. The remaining procedure was the,same as that for method 1. Total NCs were determined by method 1 using nitrosodimethylamine as a standard. The nitrosamide content was calculated by subtracting the content obtained by method 3 using 7V-methyl-7V-nitrosourethane from that by method 2 using 7V-nitrosodiphenylamine.
The total NCand nitrosamide contents in the extract from each nitrite-treated food were calculated by subtracting the absorbance of the control (untreated sample) from that of the nitrite-treated sample. Wejudged that NCsand nitrosamides were formed significantly when the absorbanceofa nitrite-treated samplewasat least twice that of the control.
Mutation test on Salmonella typhimurium TA100. A mutation test was usually carried out after the extracts had been kept in a freezer for a few days. The sample solution for the mutation test was prepared by adding 0.5ml of dimethylsulfoxide to 0.8 ml of the concentrated ethyl acetate extract, and then evaporating the ethyl acetate by a stream of nitrogen. Mutagenicity was tested at least by two doses corresponding to 12-120 mg of an original food by the method of Maron and Ames,15) including preincubation (37°C, 20 min) with Salmonella typhimurium TA 100. Two replicated plates were used for each dose of a test sample. An ethyl acetate extract was considered to be mutagenic if the number of induced revertants was at least twice as high as that of the control (dimethylsulfoxide).
Results

NCcontent of Japanese foods treated with nitrite
The total NCand nitrosamide contents in ethyl acetate extracts of various foods before and after the nitrite treatment were determined spectrophotometrically.
The absorbance obtained for total NCs in the extracts from untreated foods mostly ranged from 0 to 0.023, which corresponds to 0-9/miol 7V-NO/kg.
However, whether these values arose from NCs is doubtful, because slightly colored extracts were often obtained which might have contributed to the absorbance. Japanese radish and strawberry gave an exceptionally high absorbance, 0.113 and 0.232 (42 and 87/miol 7V-NO/kg), respectively. The absorbance for these extracts was reduced to 0.012 and 0.017, respectively, when the order of adding the denitrosating reagent and Griess reagent was reversed, that is, the denitrosation reaction was (61) 312 (75) 10 (26) 89 (95) omitted. This suggests that most of the foregoing values arose from NCs. However, no further study was carried out to clarify the NCs.
The amount of total NCs and nitrosamides formed by the nitrite treatment was therefore calculated by subtracting the absorbance of the untreated samples from that of the nitritetreated samples.
Most foods, 32 out of 35, formed NCs by the nitrite treatment as shown in Tables I-IV. Fermented food products such as soy sauce, soybean paste, fermented soybean, rice vinegar, salted Chinese cabbage and alcoholic drinks formed high levels of NCs (8 kinds, mean= 952 /xmol TV-NO/kg). In the case of fermented soybean products, nitrosamides comprised over 60% of the total NCs, while less than 40% in the case of alcoholic drinks. Since no or only a low level of NCswas formed from rice and soybean respectively, most of NC precursors in fermented food products were probably liberated and/or formed during the fermentation process. NoNCformation in whiskey may be attributable to the removal ofNCprecursors by distillation in its manufacturing process. Vegetables, cereals and fruits formed moderate levels of NCs (17 kinds, mean=225/rniol 7V-NO/kg). Among these foods, citrus fruits had a relatively high level of NCs. The nitrosamide content in both citrus fruits tested was less than 20%of the total NCs, while that in the other was over 30%. Meat and fish formed relatively low levels of NCs (10 kinds, mean=99 /imol 7V-NO/kg), and the nitrosamide content in these foods differed greatly (19-95%).
Mutagen icity The mutagenicity of ethyl acetate extracts of the food samples after the nitrite treatment to Salmonella typhimurium TA100 are also shown in Tables I-IV . Of the 35 foods tested, soy sauce showed mutagenicity in the presence of a metabolic activation system, and salted Chinese cabbage, cabbage, sausage and Japa- nese radish showed direct-acting mutagenicity. The dose response of the extract from Japanese radish treated with nitrite on the mutagenicity is shown in Fig. 1 . Soy sauce showed direct-acting mutagenicity when a freshly prepared concentrated extract was subjected to the mutation test (mutagenicity ratio at 1 20-mg equivalent of soy sauce, 2.8).
None of the extracts from the untreated food samples showed mutagenicity (data not shown).
Discussion
Most investigators have used water or methanol extracts of foods for nitrite treatment, instead of whole homogenates of foods.
In the stomach, however, nitrite is capable of acting on every part of an ingested food, and the NCs formed may be trapped with the insoluble parts of the food. In fact, certain dietary fibers adsorb mutagenic compouds,16) and are considered to be effective in protecting against cancer of the rectum and colon.17) Therefore, the whole homogenate of each food that was employed in this study seems to be preferable for nitrite treatment.
Most of the foods examined in this study formed NCs at levels in the range 22-4758 /imol TV-NO/kg. Among these foods, fermented food 
